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The secretory process in eukaryotes is a complex process in which proteins 
destined for secretion are glycosylated and directed to the plasma membrane. 
Palade (1975) established that in mammalian cells the modification and targeting 
is accomplished through a progression of secretory proteins from endoplasmic 
reticulum to cis, medial and trans Golgi, and finally to the plasma membrane, 
with transport between compartments being mediated by small vesicles. Novick 
SUL (1981) extended this model to the budding yeast Saccharomyces cerevisiae. 
thereby allowing the use of the dynamic yeast genetic system for further 
development of a general eukaryotic model of the secretory pathway.
The basis for secretory study in S. cerevisiae is the isolation of 27 
complementation groups of mutants deficient in growth due to defects in the 
secretory system (Novick &  Sheckman, 1979; Novick ct aL 1980; Ferro - 
Novick et al.. 1984a,b). Each of these sec mutants is temperature sensitive, 
being able to grow at the 25°C permissive temperature, but being severely 
retarded for growth at the 37"C nonpermissive temperature. The mutants can 
be grouped based on the stage at which they block secretion, with mutants being 
found at every stage of the secretory pathway, from entry into the ER to release 
of the secretory vesicles at the plasma membrane. Two of these mutants, sec 7 
and sec 14. are blocked at the level of Golgi, and may be recognized by the 
accumulation of large, exaggerated compartments containing proteins which arc 
normally secreted.
The Bankaitis lab has shown that SEC 14p is an essential, cytosolic. 37kD 
hydrophilic polypeptide (Bankaitis et al.. 1989). At the nonpermissive 
temperature, mature secretory invertase was shown to accumulate in
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compartments, and this protein was secreted upon return to the permissive 
temperature, consistent with the proposed role in secretion. Very recently 
SEC14 sequence comparison has identified SEC14p as a transport protein able to 
cany phospholipids between vesicles.
In order to explore the function of SEC I4p, suppressor mutations were 
isolated on the basis of their ability to restore growth of haploid sec 14“ cells at 
37°C (Cleves et al., 1989). Six groups of suppressors were found, with two 
shown to be dominant (dsdl. dsd2). and four shown to be recessive (rsdl. rsd2. 
rsd3. rsd4). Each of these mutants was shown to be capable of suppressing not 
only SEC 14 temperature sensitive defects, but also otherwise lethal SEC 14 null 
mutations, thereby suggesting that the suppressors bypass SEC!4p rather than 
interacting with it. Also, since bypass suppression is possible, a regulatory 
rather than structural role was immediately suggested for SEC14p.
Analysis of the recessive suppressors is currently in progress. RSD1 has been 
shown to be identical to the previously recognized SAC1 locus, which is believed 
to be involved in the regulation of actin in the cytoskeleton (Cleves et al.. 1989). 
BSQ4 has recently been found to be an enzyme in the pathway of phosphotidyl 
choline synthesis (results unpublished). It is obvious that further analysis of 
these suppressors will lead to increased understanding of the coupling of 
secretion to other cell processes. In order to achieve this goal, initial steps have 
been taken in the cloning of RSD2. This paper outlines the results thus far.
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Results
Obtaining a complementing fragment -
CTY102, a yeast strain bearing sec 14-3. rsd2-2. and ura3-52 mutations, 
was transformed with a wild type yeast genomic library by the lithium acetate 
method (Ito et al., 1983). The vector used in the library, YCp50, is a yeast - H  
coli shuttle vector. It contains the pBR origin and ampR marker for replication 
and selection in E. coli. plus CEN4 / ARS1 and URA3 for single copy 
maintenance and selection in yeast. Plasmids containing the RSD2 clone could 
be identified by their ability to render the cell phenotypically URA+ and ts*.
The colonies bearing the candidate plasmids were further tested for plasmid 
linkage by plasmid recovery ard retransformation, and by confirming that 37°C 
selection against the plasmid resulted in a URA' phenotype. Of 675 colonics 
picked, one passed the tests of complementation and plasmid linkage. This 
plasmid was designated pCTY309.
Plasmid pCTY309 DNA was recovered, propagated in E. coli strain RRI, 
and transformed back into CTV102, CTY156 (sec 14-3. rsd3-2). and CTY160 
(sec 14-3. rsd4-l). Analysis showed expected complementation of rsd2 and no 
complementation of rsd3 or rsd4. indicating a preliminary success.
Plasmid pCTY309 was restriction mapped, and deletions and subsequent 
subcioning reduced the complementing fragment from 14 kb to 3.3 kb. (sec 
tables)
Integrative genetic mapping
In order to prove
contained RSD2. integrative genetic mapping was employed. This technique
relies on the ability of the active homologous recombination system of S.
ceievisiae to integrate linear DNA precisely into the region of homology. A 
plasmid construct is made which contains the complementing fragment (or a 
nearby piece of DNA) in close proximity to a marker gene. The plasmid is 
linearized within the genomic fragment and transformed into the cell using 
standard methods. The cell integrates this entire plasmid at a site homologous to 
the cut in the plasmid. When the strain carrying this integration is crossed with 
an appropriate strain and sporulated, the spores should show segregation of the 
marker gene with the gene in question, if the correct gene has been cloned.
This approach was tried with two constructs, using haploid strains bearing 
suppressor and wild type alleles of RSD2 and heterozygous diploids. The first 
construct, pCTY313, placed an cxtragenic fragment into the URA3 carrying 
YIP5 vector, which cannot be replicated in yeast and, therefore, must be 
integrated in order to be maintained, (see tables) Several attempts were made to 
integrate this construct, however all failed. Microscopic examination of the 
transformation plates revealed a number of microcolonies where a cell had 
undergone approximately 8 divisions before ceasing to grow. This suggested 
that integration of this construct may be a lethal event.
The second attempt, pRE310, was also based in YIP5 and used extragenic 
DNA, but further downstream from the original construct, (see tables) The 
microcolonies were again observed, although one transformed CTYI03 
(sec!4ts. rsd2-5. ura3-52) colony was obtained. This was mated to CTY69
4
(secl4ta. RSD2. ura3-52') and sporulated. Dissection of the asci showed the 
appropriate 2:2 segregation of ts+ to ts \  however the spores failed to grow on 
media lacking supplemental uracil.
Gap repair *
In another attempt to prove the validity of the cloning, the technique of gap 
repair was used. The plasmid pCTY314, which contains the complementing 
fragment was cut with restriction endonucleases Cla I and Sst I, thereby 
removing a large portion of DNA from the insert. The cut plasmid was 
transformed into CTY105. If the gene is authentic, the plasmid is expected to 
line up next to the homologous region, where the gap will be repaired. The 
strain should then carry two copies of rsd2. one in the genome and one on the 
plasmid.
One transformant was recovered with the desired phenotvpe of ts+ and 
URA+. The plasmid was isolated and named pCTY315. The plasmid was shown 
to contain restriction sites which had been removed before transformation, 
indicating successful gap repair. However, transformation of pCTY315 into 
CTY105 resulted in restoration of the ts* phenotype, suggesting that the wild 
type RSD2 remained on the plasmid. This data can likely be disregarded due to 
the fact that only one transformant was obtained.
RSD2 in multicopy -
The complementing fragment was removed from pCTY314 and placed on 
the overexpression vector pSEY18. As expected, a tight temperature sensitivity 
was observed at 37°C when this plasmid was transformed into CTY105.
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Discussion
Much of the data presented here suggests that RSD2 has actually been 
cloned. Complementation analysis shows that a piece of DNA has been obtained 
which renders strains containing the rsd2 recessive suppressor of sec!4ts 
temperature sensitive at 37°C, and this effect is specific to rsd2 strains, having 
no effect on rsd3 or rsd4 suppressors. Also, overexpression of the candidate 
shows the expected result of high temperature sensitivity. But the problem of 
proof still remains.
Difficulties with integrative genetic mapping have been two-fold. First, the 
success with which integration has been achieved has been unusually low. This is 
likely explained by suggesting that an essential gene or important portion of the 
chromosome lies adjacent to RSD2. This hypothesis is consistent with the 
difficulty encountered with integration, and the apparent lethality of integration 
based on the observation of microcolonies on the transformation plates. It must 
be noted that only extragenic constructs have been used for this technique, and 
both were on the same side relative to the gene. The reasons for this choice were 
simply technical ease, and it is apparent that the gene itself must be used for 
integration if a meaningful conclusion is to be reached.
Second, the YIP5 carries a UR A3 marker, and there is considerable 
difficulty in growing £sd2 strains on UR A* media, even when the URA3 gene 
has been inserted. The single success at integration failed to be conclusive 
because the strains would not grow on UR A* media, thereby failing to show the 
establishment of linkage. All of the sec 14ts recessive suppressor bearing strains 
have exhibited this pi'enotype to some effect, but not to the extent of rsd2. The
reasons for this behavior are unknown. It may be that rsd2 suppression of 
sec!4ts is not complete, however a more detailed analysis of the molecular basis 
of this suppression is required.
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PCTY3Q9. original complementing insert (YCp50 vector)
polylinker - Hind III, Clal
-  Hind III
Complementing Fragment,
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Table 2 - Detailed Mao of Complementing Fragment (H3-H3) 
(Shown as pRE313, in ptzl9U vector)
Multiple Cloning Site
(Sph I, Pst 1, Sal I, Xba I, Bam HI, Sma I, Kpn I, Sst I)
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Table 3 • Plasmid Names and Descriptions
Plasmids in Table 1
pCTY309 - original complementing insert inYCp50 
pCTY310 - Sal 1 deletion of pCTY309 
pCT/314 - Hind 111 fragment in pSEYc58 
pCTY315 - Hind III fragment in pSEY18 
pCTY313 - Hind Ill-Sal I fragment in YIP5 
pRE3lO - Hind III-SalI fragment in YIP5
Plasmids in Table 2 
pRE313 - H3 fragment in ptz!9U
pRE315 - Cla I deletion of pRE313 
pRE319 - Eco RV deletion of pRE313 
pRE320 - Mine II deletion of pRE313 
pRE321-Pst I deletion of pRE313
pCTY314 - pRE313 insert in pSEYc58 (complements) 
pCTY315 - pRE313 insert in pSEY18 (complements) 
pCTY31S - pRE315 insert in pSEYc58 (unable to transform) 
pCTY319 - pRE319 insert in pSEYc58 (no complementation) 
pCTY320 - pRE320 insert in pSEYc58 (complements) 
pCTY321 - pR E321 insert in pSEYc58 (complements)
Vectors
YCp50 - yeast single copy, E. coli multicopy 
pSEYc58 - yeast single copy, E. coli multicopy 
pSEY18 - yeast multicopy, E. coli multicopy 
YIPS - yeast integration only, E. coli multicopy 
ptzl9U- E. coli high copy number
